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METHOD OF MANUFACTURING POLYMER
ELECTRODE AND POLYMER ACTUATOR
EMPLOYING THE POLYMER ELECTRODE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent Appli-
cation No. 10-2011-011107, filed on Feb. 8, 2011, 1n the
Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein 1n 1ts entirety by reference.

BACKGROUND

1. Field

Apparatuses and methods consistent with exemplary
embodiments relate to methods of manufacturing polymer
clectrodes and polymer actuators employing the polymer
clectrodes.

2. Description of the Related Art

Polymer actuators use a solid electroactive polymer (EAP)
which has a fastresponse characteristic, alarge displacement,
and a small density as compared to a shape memory alloy
(SMA) or an electroactive ceramic (EAC) that are materials
used by other small actuators. Thus, research and develop-
ment of polymer electrodes have been actively conducted.
For example, a polymer actuator i1s able to operate with a
thickness of tens of um according to 1ts application, and at a
low voltage (for example, below 5 V), which 1s mainly prob-
lematic in a mobile device, and thus polymer actuators have a
variety of applications such as in microelectromechanical
systems (MEMS), bio devices, energy yvielding devices, eftc,
as well as actuators i auto-focusing and zooming units of
camera modules.

Research into using polymer electrodes rather than using
metal electrodes has been actively conducted. Polymer elec-
trodes may be manufactured by printing and drying, for
example, a conducting polymer solution in an electrode pat-
tern through screen printing or inkjet printing.

SUMMARY

One or more exemplary embodiments provide a method of
manufacturing polymer electrodes that 1s different from a
screen printing method or an inkjet printing method, and
polymer actuators employing the manufactured polymer
clectrodes.

Additional exemplary aspects will be set forth 1n part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the exem-
plary embodiments.

According to an aspect of an exemplary embodiment, there
1s provided a method of manufacturing a polymer electrode,
the method including: adhering a shadow mask onto a surface
ol a substrate, wherein the shadow mask comprises one or
more cut-out holes forming an electrode pattern; forming a
hydrophilic electrode pattern on a region of the surface of the
substrate that 1s not covered by the shadow mask; coating the
hydrophilic electrode pattern of the substrate with a conduc-
tive polymer water solution; removing the shadow mask; and
forming the polymer electrode by drying the conductive poly-
mer water solution.

The substrate may have a hydrophobic surface layer,
wherein the adhering the shadow mask comprises adhering,
the shadow mask to the hydrophobic surface layer of the
substrate; and the forming of the hydrophilic electrode pat-
tern 1includes: performing hydrophilic surface reforming on
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2

the region of the surface of the hydrophobic surface layer that
1s not covered by the shadow mask.

O, plasma ashing may be used to perform the hydrophilic
surface reforming.

The conductive polymer water solution may include
PEDQOT:PSS or polyanyline.

The shadow mask may include an adhesion layer. The
adhesion layer may be formed of PDMS or a cellulose based
polymer. The adhesion layer may have a hydrophobic sur-
face. The shadow mask may further include a support layer
for supporting the adhesion layer. The support layer may be
tormed of PET, PEN, or PI. The method may further include:
removing the support layer after forming the hydrophilic
clectrode pattern.

The method may further include: squeezing the coated
conductive polymer water solution to have a thickness the
same as a thickness of the shadow mask. A thickness of the
polymer electrode may be proportional to the thickness of the
shadow mask. The polymer electrode formed by drying the
conductive polymer water solution may have a thickness of
about 0.01 um to about 1 um.

The hydrophobic surface layer may be formed of an elec-
troactive polymer (EAP) in which a displacement occurs
according to an electrical stimulus.

The hydrophobic surface layer may be formed of a PVDF
based polymer. The hydrophobic surface layer may be
formed of PVDEF, P(VDF-TrFE), P(VDF-TrFE-CFE), or
P(VDF-TrFE-CTFE).

According to an aspect of another exemplary embodiment,
there 1s provided a method of manufacturing a polymer elec-
trode, the method including: forming a polymer deformation
layer 1n a substrate: adhering a shadow mask onto a surface of
the polymer deformation layer, wherein the shadow mask
comprises one or more cut-out holes forming an electrode
pattern; forming a hydrophilic electrode pattern on aregion of
the surface of the polymer deformation layer that 1s not cov-
ered by the shadow mask; coating the hydrophilic electrode
pattern of the polymer deformation layer with a conductive
polymer water solution; removing the shadow mask; and
forming a polymer hydrophobic surface layer by drying the
conductive polymer water solution.

According to an aspect of another exemplary embodiment,
there 1s provided a multilayer structure 1n which the polymer
deformation layer and the polymer electrode layer 1s alter-
nately stacked and 1s formed by repeating the forming the
polymer deformation layer and forming an electrode pattern.

pel

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and more
readily appreciated from the following description of exem-
plary embodiments, taken 1n conjunction with the accompa-
nying drawings of which:

FIGS. 1A through 1F are cross-sectional views illustrating,
a method of manufacturing a polymer electrode according to
an exemplary embodiment;

FIGS. 2A through 2F are views for explaining a method of
manufacturing a polymer electrode at a water level corre-
sponding to the method of FIGS. 1A through 1F, respectively,
according to another exemplary embodiment;

FIG. 3 1s a cross-sectional view of a polymer actuator
according to an exemplary embodiment; and

FIGS. 4A through 4] are cross-sectional views illustrating,
a method of manufacturing the polymer actuator of FIG. 3

according to an exemplary embodiment.

DETAILED DESCRIPTION

Exemplary embodiments will now be described more fully
with reference to the accompanying drawings. In the draw-
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ings, like reference numerals denote like elements, and sizes
of elements may be exaggerated for clanty.

FIGS. 1A through 1F are cross-sectional views 1llustrating
a method of manufacturing a polymer electrode according to
an exemplary embodiment. FIGS. 2A through 2F are views
for explaiming a method of manufacturing a polymer elec-
trode at a water level corresponding to the method of FIGS.
1A through 1F, respectively, according to another exemplary
embodiment.

Referring to FIGS. 1A and 2A, a hydrophobic surface layer
120 1s formed on a substrate 110. For example, the hydropho-
bic surface layer 120 may be formed of a hydrophobic poly-
vinylidene fluonide (PVDEF)-based polymer, such as PVDE,
P(VDF-TrFE)(poly  vinylidenefluonide-trifluoroethylene),
P(VDF-TrFE-CFE) (poly vinylidenefluoride-tritluoroethyl-
ene-chlorofluoroethylene), or P(VDF-TrFE-CTFE) (poly(vi-
nylidene fluonide-trifluoroetheylene-chlorotrifluoro ethyl-
ene) that 1s an electroactive polymer (EAP) used for a
deformation layer of a polymer actuator. A material forming
the hydrophobic surface layer 120 1s not limited to a hydro-
phobe. The hydrophobic surface layer 120 may be formed of
a material having a hydrophobic surface through surface
reforming or surface modification. Thus, the hydrophobic
surface layer 120 may use an appropriate material according
to 1ts application.

Next, a shadow mask 130 1s placed on the hydrophobic
surface layer 120. The shadow mask 130 1s a sheet having a
predetermined electrode pattern. The electrode pattern of the
shadow mask 130 1s embodied as cut-out holes formed
through the sheet. The shadow mask 130 may be a double
layer sheet including an adhesion layer 131 and a protection
layer 135. The adhesion layer 131 prevents a conducting
polymer aqueous solution (140 of FIG. 1E), as will be
described below, from permeating between the hydrophobic
surface layer 120 and the shadow mask 130 by adhering the
shadow mask 130 onto the hydrophobic surface layer 120
when the conducting polymer aqueous solution 140 1s dis-
pensed. The adhesion layer 131 may be formed of a pressure
sensitive adhesive material. The adhesion layer 131 may be
formed of, for example, polydimethylsiloxane (PDMS). The
adhesion layer 131 may be formed of a cellulose based poly-
mer having a high surface tension, in addition to or instead of
PDMS. The protection layer 135 may be formed of polyester
(PET) as a material for supporting a shape of the shadow
mask 130. The protection layer 135 may be formed of various
polymers such as polyethylene naphthalate (PEN), or poly-
imide (PI), etc. in addition to the PET. Alternately, the shadow
mask 130 may be a single layer sheet as will be described
below.

Next, referring to FIGS. 1B and 2B, O, plasma ashing 1s
performed on a region or regions 120a of the surface of the
hydrophobic surface layer 120 that 1s not covered by the
shadow mask 120. The O, plasma ashing selectively reforms
the exposed region 12056 of the hydrophobic surface layer 120
and forms a hydrophilic pattern on the surface of the hydro-
phobic surface layer 120. A well-known surface reforming
method may be used 1nstead of the O, plasma ashing.

It the O, plasma ashing 1s performed, the region 120a of the
surface of the hydrophobic surface layer 120 that 1s not cov-
ered by the shadow mask 120 1s changed from hydrophobic to
hydrophilic. That 1s, hydrophobic surface reforming 1s selec-
tively performed on the region 120a of the surface of the
hydrophobic surface layer 120 in an electrode pattern through
the O, plasma ashing.

Referring to FIGS. 1C and 2C, the protection layer 135 1s
removed from the shadow mask 130 and a surface 131a of the
adhesion layer 131 1s exposed. The PDMS forming the adhe-
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4

sion layer 131 1s hydrophobic, and thus the exposed surface
131a of the adhesion layer 131 is also hydrophobic.

Referring to FIGS. 1D and 2D, the conducting polymer
aqueous solution 140 1s dispensed 1n the region 120a of the
surface of the hydrophobic surface layer 120. The conducting
polymer aqueous solution 140 may be an aqueous solution in
which, for example, poly(3.,4-ethylenedioxythiophene):poly
(styrenesulfonate) (PEDOT:PSS) 1s dispersed. As another
example, the conducting polymer aqueous solution 140 may
be an aqueous solution in which polyamiline or another well-
known conducting polymer 1s dispersed.

The conducting polymer aqueous solution 140 1s coated on
the region 120a of the surface of the hydrophobic surface
layer 120 that 1s not covered by the adhesion layer 131 of the
shadow mask 130 and forms the electrode pattern. The adhe-
sion layer 131 prevents the conducting polymer aqueous solu-
tion 140 from being coated on a region 1205 of the surface of
the hydrophobic surface layer 120 except the region 120a of
the electrode pattern. The surface 131qa of the adhesion layer
131 1s hydrophobic, and thus the conducting polymer aque-
ous solution 140 1s not coated on a top surface of the adhesion
layer 131.

Then, as shown 1 FIGS. 1D, 1E, and 2E, the conducting
polymer aqueous solution 140 1s squeezed by using a push
stick 190 so that the conducting polymer aqueous solution
140 1s uniformly coated on the hydrophobic surtace layer 120
at a thickness of the adhesion layer 131. For example, if the
thickness of the adhesion layer 131 1s 30 um, the squeezed
conducting polymer aqueous solution 140 may be coated at a
thickness o1 30 um. The thickness of the conducting polymer
aqueous solution 140 may be determined according to a
desired thickness of a polymer electrode 140' that 1s formed
alter being dried.

Inkjet printing used as a related art method of manufactur-
ing a polymer electrode forms a pattern by spraying droplets
one by one through an inkjet nozzle, which increases a pro-
cessing time, and, when droplet marks are stacked, transiers
the droplet marks, which may cause a fabric wrinkle or a
non-uniform thickness. Furthermore, as a nozzle spraying
time increases, a polymer electrode material may harden 1n a
nozzle and thus block the nozzle. In addition, sprayed drop-
lets may spread outside the electrode pattern. Meanwhile,
methods according to the exemplary embodiments described
herein reduce a processing time of the conducting polymer
aqueous solution 140 and prevents the electrode pattern from
spreading due to the shadow mask 130 when the conducting
polymer aqueous solution 140 1s dispensed, thereby realizing
a uniform thickness by squeezing the conducting polymer
aqueous solution 140.

Referring to FIGS. 1F and 2F, the adhesion layer 131 1s
removed, and moisture 1s removed from the conducting poly-
mer aqueous solution 140 through a drying process such as
baking, and thus the polymer electrode 140' 1s completed.
Although the conducting polymer aqueous solution 140 par-
tially remains on the top surface of the adhesions layer 131
during the squeezing process, the conducting polymer aque-
ous solution 140 remains only on the region 120a of the
clectrode pattern by removing the adhesion layer 131. The
reglon 1206 of the surface of the hydrophoblc surface layer
120 1n which the adhesion layer 131 1s disposed 1s not
reformed and thus remains hydrophobic. Although the adhe-
sion layer 131 1s removed, the conducting polymer aqueous
solution 140 does not spread outside the region 120q of the
clectrode pattern.

The completed polymer electrode 140" 1s formed by drying
the conducting polymer aqueous solution 140 having a uni-
form thickness due to the squeezing, and thus the polymer
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clectrode 140" has a very uniform thickness. For an example,
the polymer electrode 140' may have thickness uniformity
such that thickness dispersion 1s within 10%. The thickness of
the polymer electrode 140' may be determined according to
the thickness of the adhesion layer 131, for example, between
about 0.01 um to about 1 um. For example, screen printing
used as a method of manufacturing a polymer electrode uses
a conducting polymer 1n a paste having a high viscosity, and
has alarge mesh o1 100 um of a silkscreen mask, which makes
it difficult for use a fine pattern and increases a thickness of an
clectrode greater than tens of um. Meanwhile, methods
according to the exemplary embodiments described herein do
not mcrease a viscosity of the conducting polymer aqueous
solution 140 and use a squeezing method, which enables
formation of a polymer electrode of a very small thickness
less than 1 pum.

Although the shadow mask 130 has been described as a
double layer, exemplary embodiments are not limited thereto.
The shadow mask 130 may be a single layer, and may not be
formed of a hydrophobic matenal. If the shadow mask 130 1s
a single layer, the process described with reference to FIGS.
1C and 2C 1s omitted, and the other processes are the same as
described above.

FI1G. 3 1s a cross-sectional view of a polymer actuator 200
employing a polymer electrode according to an exemplary
embodiment. FIGS. 4A through 4] are cross-sectional views
illustrating a method of manufacturing the polymer actuator
200 of FIG. 3 according to an exemplary embodiment.

Referring to FIG. 3, the polymer actuator 200 of the present
embodiment includes a plurality of polymer deformation lay-
ers 241 through 248 that are stacked in multiple layers, a
plurality of first polymer electrode layers 251 through 254,
and a plurality of second polymer electrode layers 261
through 264 that are disposed between the polymer deforma-
tion layers 241 through 248. A plurality of first metal elec-
trodes 222 through 225 are respectively disposed at one end
of each of the first polymer electrode layers 251 through 254,
and a plurality of second metal electrodes 232 through 234 are
respectively disposed at the other end of each of the second
polymer electrode layers 261 through 263. First and second
clectrode terminals 281 and 282 are electrically connected to
the first metal electrodes 222 through 225 and the second
metal electrodes 232 through 234, respectively.

The polymer deformation layers 241 through 248 are
formed of EAPs that may be deformed according to an elec-
trical stimulation. That 1s, 1f power 1s applied to the polymer
deformation layers 241 through 248 through the first and
second electrode terminals 281 and 282, the polymer defor-
mation layers 241 through 248 that are disposed between the
first polymer electrode layers 251 through 254 and the second
polymer electrode layers 261 through 264 are deformed
according to the applied voltage. The EAPs include various
types of polymers including a solid electrolyte polymer, an
clectrostrictive polymer, a dielectric elastomer, an 10nic poly-
mer metal composite, a conducting polymer, and the like. For
example, the polymer deformation layers 241 through 248
may be formed of a PVD based solid electrolyte polymer such
as PVDF, P(VDF-1TrFE), P(VDF-TrFE-CFE), or P(VDEF-
TrFE-CTFE). Furthermore, materials of the polymer defor-
mation layers 241 through 248 may use well-known EAPs
that may be hydrophobic or have hydrophobic surfaces due to
surface reforming. The polymer deformation layers 241
through 248 may be understood as the hydrophobic surface
layer 120 of FIG. 1A, and thus the first polymer electrode
layers 251 through 254 and the second polymer electrode
layers 261 through 264 may be formed by using the method of
manufacturing the polymer electrode described above.
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According to the method of manufacturing the polymer
clectrode described above, the first polymer electrode layers
251 through 254 and the second polymer electrode layers 261
through 264 may have very small thicknesses between about
0.01 um to about 1 um, and may have minimal differences 1n
thermal expansion coelilicient with respect to the polymer
deformation layers 241 through 248, thereby promoting
mechanical stability. Thus, the polymer actuator 200 may
attain mechanical stability even though the polymer deforma-
tion layers 241 through 248 are stacked in multiple layers.

Meanwhile, since the first polymer electrode layers 251
wirough 254 and the second polymer electrode layers 261
wrough 264 are formed of polymers, the Young’s modulus of
ne first polymer electrode layers 251 through 254 and that of
ne second polymer electrode layers 261 through 264 1s below
about several GPa, which 1s much lower than that of a metal
electrode, which 1s between about 70 and about 400 GPa. For

example, the Young’s modulus of aluminum 1s between about
100 and about 400 GPa, the Young’s modulus of PVDF 1s
approximately 2 GPa, and the Young’s modulus of PEDOT 1s
approximately 2 GPa. IT metal electrodes are disposed at both
surfaces of the polymer deformation layers 241 through 248
like a polymer actuator, the metal electrodes may prevent the
polymer deformation layers 241 through 248 from operating
due to a relatively high Young’s modulus. However, since the
first polymer electrode layers 251 through 254 and the second
polymer electrode layers 261 through 264 are formed of
polymers having a low Young’s modulus, like PEDOT 1n the
present embodiment, the polymer actuator 20 inhibits preven-
tion of the first polymer electrode layers 251 through 254 and
the second polymer electrode layers 261 through 264 with
respect to deformations of the polymer deformation layers
241 through 248, thereby increasing an actuation displace-
ment of the polymer actuator 20. A large displacement actua-
tor 1s necessary for an auto-focusing/zooming unit of a cam-
era module for a mobile device, and thus the polymer actuator
200 of the present embodiment may perform large displace-
ment actuation.

Furthermore, since the first polymer electrode layers 251
through 254 and the second polymer electrode layers 261
through 264 are formed of polymers like the polymer defor-
mation layers 241 through 248, the first polymer electrode
layers 251 through 254 and the second polymer electrode
layers 261 through 264 may have thermal expansion coeili-
cients similar to those of the polymer deformation layers 241
through 248. For example, a thermal expansion coelfficient of
aluminum 1s between about 10 and 20 ppm, a thermal expan-
sion coelficient of PVDF 1s approximately 100 ppm, and a
thermal expansion coelificient of PEDOT 1s approximately 80
ppm. If metal electrodes are disposed at both surfaces of the
polymer deformation layers 241 through 248 like the polymer
actuator, deformations may occur in a manufacturing process
or a use environment with respect to a temperature change
due to a large difference 1n the thermal expansion coelficient
between the metal electrodes and the polymer deformation
layers 241 through 248. For example, 1f the metal electrodes
are disposed at both surfaces of the polymer deformation
layers 241 through 248 at a reflow temperature of about 250
degrees during a manufacturing process, deformations may
occur between the metal electrodes and the polymer defor-
mation layers 241 through 248 due to a large difference in the
thermal expansion coetlicients. However, since the first poly-
mer electrode layers 251 through 254 and the second polymer
clectrode layers 261 through 264 are formed of polymers
having thermal expansion coelficients similar to those of the
polymer deformation layers 241 through 248, like PEDOT 1n
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the present embodiment, the polymer actuator 20 may imhibit
deformations with respect to the temperature change.

A process of manufacturing the polymer actuator 20 waill
now be described with reference to FIGS. 4A through 41.

Referring to FIG. 4 A, first and second etching prevention
layers 221 and 231 are formed 1n a predetermined region of a
substrate 210. The first and second etching prevention layers
221 and 231 may be disposed near opposite sides of the
substrate 210. A region between the first and second etching
prevention layers 221 and 231 on the substrate 210 1s an
actuation region 1n which displacement occurs.

Referring to FIG. 4B, the polymer deformation layer 241 1s
formed on an entire top surtace of the exposed portion of the
substrate 210 and on the first and second etching prevention
layers 221 and 231. The polymer deformation layer 241 may
be formed of a hydrophobic EAP. For example, the polymer
deformation layer 241 may be formed of a PVDF based solid
clectrolyte polymer such as PVDFE, P(VDF-TrFE), P(VDEF-
TrFE-CFE), or P(VDF-TrFE-CTFE).

Referring to FI1G. 4C, the first polymer electrode layer 251
1s formed on a top surface of the polymer deformation layer
241. The first polymer electrode layer 251 may be formed 1n
an actuation region of a center of a top surface of the polymer
deformation layer 241 and a region of the polymer deforma-
tion layer 241 under which the first etching prevention layer
221 1s formed. The first polymer electrode layer 251 may be
formed of, for example, PEDOT:PSS or polyaniline. The
polymer deformation layer 241 may be used as the hydropho-
bic surface layer 120 of FIG. 1A, and thus the first polymer
clectrode layer 251 may be formed on the polymer deforma-
tion layer 241 according to the method of manufacturing the
polymer electrode described above. As described above, the
first polymer electrode layer 251 may have a thickness
between about 0.01 um to about 1 um by appropnately select-
ing a thickness of the shadow mask 130. Furthermore, the first
polymer electrode layer 251 may have a very uniform thick-
ness through use of a squeezing process (refer to FIG. 1D),
thereby having a thickness uniformity of thickness dispersion
within 10%.

Referring to FIG. 4D, a first metal electrode 222 1s formed
on a top surface of the first polymer electrode layer 251. The
first metal electrode 222 1s disposed 1n a top portion of the
region of the first polymer electrode layer 251 under which
the first etching prevention layer 221 1s formed.

Referring to FI1G. 4E, the polymer deformation layer 242 1s
formed on the top surfaces of the polymer deformation layer
241, the first polymer electrode layer 251, and the first metal
clectrode 222.

Referring to FI1G. 4F, a second polymer electrode layer 261
1s formed on a top surface of the polymer deformation layer
242. The second polymer electrode layer 261 may be formed
in an actuation region of a center of a top surface of the
polymer deformation layer 2421 and a region of the polymer
deformation layer 242 under which the second etching pre-
vention layer 231 1s formed.

Referring to FIG. 4G, a second metal electrode 232 1s
formed on a top surface of the second polymer electrode layer
261. The second metal electrode 232 1s disposed 1n a top
portion of the region of the second polymer electrode layer
261 under which the second etching prevention layer 231 1s
formed.

Referring to FIG. 4H, a stacked structure of the polymer
deformation layers 241 through 248 and the first polymer
clectrode layers 251 through 254 and the second polymer
clectrode layers 261 through 264 disposed between the poly-
mer deformation layers 241 through 248 1s formed by repeat-
ing the processes described with reference to FIGS. 4A
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through 4G. The first metal electrodes 222 through 225 are
disposed at one end of each of the first polymer electrode
layers 251 through 254 and the second metal electrodes 232
through 234 are disposed at the other end of each of the
second polymer electrode layers 261 through 264.

Referring to FIG. 41, via holes 271 and 272 are formed 1n
both ends of the stack structure in which the first metal elec-
trodes 222 through 225 and the second metal electrodes 232
through 234 are disposed so that the first etching prevention
layer 221 and the second etching prevention layer 231 are
exposed. The first metal electrodes 222 through 223 and the
second metal electrodes 232 through 234 are exposed 1n side
walls of the via holes 271 and 272.

Reterring to FIG. 4], first and second metal terminals 281
and 282 that electrically connect the exposed first metal elec-
trodes 222 through 225 and the second metal electrodes 232
through 234 are formed by plating the via holes 271 and 272.
In this state, i1f the substrate 210 1s removed, the polymer
actuator 20 1s completed. If the substrate 210 1s flexible, the
substrate 210 may be used as a support layer of the polymer
actuator 20.

While exemplary embodiments have been particularly
shown and described by using specific terms, the embodi-
ments and terms should not be construed as limiting the scope
of the present inventive concept as defined by the claims. The
exemplary embodiments should be considered 1n a descrip-
tive sense only and not for purposes of limitation. Therefore,
the scope of the mventive concept 1s defined not by the
detailed description but by the appended claims, and all dii-
terences within the scope will be construed as being included
in the present mnventive concept.

What 1s claimed 1s:

1. A method of manufacturing a polymer electrode, the
method comprising:

adhering a shadow mask onto a surface of a substrate,

wherein the shadow mask comprises one or more cut-out
holes:

forming a hydrophilic electrode pattern on an exposed

region of the surface of the substrate that 1s not covered
by the shadow mask, wherein the exposed region com-
prises one or more portions of the substrate exposed
through the one or more cut-out holes;

coating the hydrophilic electrode pattern of the substrate

with a conductive polymer water solution;

removing the shadow mask; and

forming the polymer electrode by drying the conductive

polymer water solution.

2. The method of claim 1, wherein the substrate comprises
a hydrophobic surface layer, and wherein:

the adhering the shadow mask comprises adhering the

shadow mask to the hydrophobic surface layer of the
substrate; and

the forming of the hydrophilic electrode pattern comprises

performing hydrophilic surface reforming on an
exposed region of the surface of the hydrophobic surface
layer that 1s not covered by the shadow mask, wherein
the exposed region comprises one or more portions of
the hydrophobic surface layer exposed through the one
or more cut-out holes.

3. The method of claim 2, wherein the performing hydro-
philic surface reforming comprises O2 plasma ashing.

4. The method of claim 1, wherein the conductive polymer
water solution comprises one of PEDOT:PSS and polya-
nyline.

5. The method of claim 1, wherein the shadow mask com-
prises an adhesion layer.
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6. The method of claam 5, wherein the adhesion layer
comprises one of PDMS and a cellulose based polymer.

7. The method of claim 5, wherein the adhesion layer has a
hydrophobic surface.

8. The method of claim 5, wherein the shadow mask further
comprises a support layer which supports the adhesion layer.

9. The method of claim 8, wherein the support layer com-
prises one of PET, PEN, and PI.

10. The method of claim 8, further comprising: removing
the support layer after forming the hydrophilic electrode pat-
tern.

11. The method of claim 1, further comprising: squeezing
the coated conductive polymer water solution to have a thick-
ness the same as a thickness of the shadow mask.

12. The method of claim 11, wherein a thickness of the
polymer electrode 1s proportional to the thickness of the
shadow mask.

13. The method of claim 12, wherein the polymer electrode
formed by drying the conductive polymer water solution has
a thickness of about 0.01 um to about 1 um.

14. The method of claim 2, wherein the hydrophobic sur-
face layer comprises an electroactive polymer 1in which a
displacement occurs according to an electrical stimulus.

15. The method of claim 14, wherein the hydrophobic
surface layer comprises a PVDF based polymer.

16. The method claim 15, wherein the hydrophobic surface
layer comprises one of PVDEFE, P(VDF-TrFE), P(VDF-TrFE-
CFE), and P(VDF-TrFE-CTFE).

17. A method of manufacturing a polymer electrode, the
method comprising:

forming a polymer deformation layer on a substrate:

adhering a shadow mask onto a surface of the polymer

deformation layer, wherein the shadow mask comprises
one or more cut-out holes;

forming a hydrophilic electrode pattern on a region of the

surface of the polymer deformation layer that 1s not
covered by the shadow mask;

coating the hydrophilic electrode pattern of the polymer

deformation layer with a conductive polymer water
solution;

removing the shadow mask; and

forming a polymer hydrophobic surface layer by drying the

conductive polymer water solution.
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18. The method of claim 17, wherein the polymer defor-
mation layer comprises a hydrophobic surface, and wherein:
the adhering the shadow mask comprises adhering she
shadow mask to the hydrophobic surface of the polymer
deformation layer; and
the forming of the hydrophilic electrode pattern comprises
performing hydrophilic surface reforming on the hydro-
phobic surface of the polymer deformation layer.

19. The method of claim 17, wherein the conductive poly-
mer water solution comprises one or PEDOT:PSS and polya-
nyline.

20. The method of claim 17, wherein the shadow mask
comprises an adhesion layer.

21. The method of claim 20, wherein the shadow mask
further comprises a support layer which supports the adhe-
s1on layer.

22. The method of claim 21, further comprising: removing,

the support layer after forming the hydrophilic electrode pat-
tern.

23. The method of claim 17, further comprising: squeezing,
the coated conductive polymer water solution to have a thick-
ness the same as a thickness of the shadow mask.

24. The method of claim 23, wherein a thickness of the
polymer electrode 1s proportional to the thickness of the
shadow mask.

25. The method of claim 24, wherein the polymer electrode
formed by drying the conductive polymer water solution has
a thickness of about 0.01 um to about 1 um.

26. The method of claim 17, wherein the polymer defor-
mation layer comprises an electroactive polymer in which a
displacement occurs according to an electrical stimulus.

277. The method of claim 26, wherein the polymer defor-
mation layer comprises a PVDF based polymer.

28. The method claim 27, wherein the polymer deforma-
tion layer comprises one of PVDEF, P(VDF-TrFE), P(VDEF-

TrFE-CFE), and P(VDF-TrFE-CTFE).

29. The method of claim 17, further comprising forming a
multilayer structure 1n which the polymer deformation layer
and the polymer electrode layer i1s alternately stacked 1is
formed by repeating the forming the polymer deformation
layer, and forming an electrode pattern.
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